The mushroom Agaricus bisporus was stored in packs with different sizes (0, 0.4, 0.8, 1.2 cm 2 ) silicone gum film windows in modified atmosphere system: 100 mL/L O 2 , 100 mL/L CO 2 , 800 mL/L N 2 at the temperature of 2 ± 1℃ for 15 days. The results showed that there were obvious different on O 2 , CO 2 and ethylene concentrations, respiration rate, ascorbic acid content, protein content and sensory characteristics among the mushroom stored in packs with different sizes silicone gum film windows. The packs with a 0.8 cm 2 silicone gum film window kept an in-packe gas composition of O 2 31 mL/L to 37 mL/L, CO 2 under 137 mL/L and ethylene under 14.36 µL/L, and these gas compositions were optimum for maintaining mushroom quality, which kept mushroom with good sensory, low respiration rate, low electrolyte leakage (13.3%) and low loss of ascorbic acid content (only dropped 19.2%) and protein content (only dropped 3.7%).
Introduction
Mushroom Agaricus bisporus is an excellent source of several essential amino acids, vitamins (B 2 , niacin, and folates) and minerals (potassium, phosphorus, zinc and copper) (Manzi et al., 2001; Mattila et al., 2001; Shivhare et al., 2004) , and it is also delicacy, flavor and nutritional value. Mushrooms have short shelf life at ambient temperatures because they have no cuticle to protect them from physical or microbial attack or water loss (Martine et al., 2000) . Therefore, mushrooms need special care to retain freshness. Modified atmosphere packaging (MAP) is one of technologies available to control product deterioration, providing an appropriate protective atmosphere around the product (CliffeByrnes and O'Beirne, 2005; Cia et al., 2006; Escalona et al., 2006) . However, MAP often results in development of undesirable fermentation because of insufficient permeability of the packaging film, which might cause formation of ethanol, acetaldehyde, and off-flavors and odors (Jacxsens et al., 2000; Day, 2001) . Packaging films with improved permeability have been studied and developed successfully to improve MAP conditions (Garcia et al., 1998; Van der Steen, 2002; Jacomino et al., 2005) , and silicone membrane system, which consists of a tergal net covered with a thin and uniform layer of siliconee rubber, was an effective packaging film for MAP (Vigneault et al., 1992) . Gariepy et al. (1986) used a silicone membrane system for long term storage of celery under controlled atmosphere conditions. Reeleder et al. (1989) fitted silicone membranes of varying surface areas on containers to maintain the atmosphere for controlling storage rot of carrot. Stewart et al. (2005) found that silicone membrane systems with modified atmospheres were effective for storing bananas, maintaining the fruit with a harvest-fresh appearance, good color and excellent marketability after 42 days storage. Li et al. (2007 Li et al. ( , 2008 reported that mushroom Agrocybe chaxingu stored in MAP with silicone gum film as windows for 20 days had good quality.
However, little is known about the effects of modified atmosphere package with a silicone gum window on mushrooms Agaricus bisporus stored. In this study, some different sizes (0, 0.4, 0.8, 1.2 cm 2 ) silicone gum film with high permeability for O 2 , CO 2 and other gases was used as a window material on packages to store Agaricus bisporus mushrooms in a modified atmosphere systems (100 mL/L O 2 , 100 mL/L cates) for each group were taken out at day 0.5, 1, 3, 6, 9, 12, 15 to investigate the changes in gas composition, sensory, respiration rate, ascorbic acid content, protein content and electrolyte leakage of mushroom. Gas analysis The headspace gas concentrations of O 2 and CO 2 in the sealed trays during storage were measured in each package before opening using a gas analyzer (CYES-II, Xuelian Analytical Instrument Co. Ltd., Shanghai, China) at 12 and 24 h on the first day and then at every 3 days.
The headspace gas concentration of ethylene was analyzed at the first day and then at every 3 days, using a gas chromatograph (Shimadzu GC-2010, Japan) equipped with a flame ionization detector (FID) and a DB-1 column. Nitrogen was used as a carrier gas, and the flow rate was 10 mL/min. The headspace gas concentrations of ethanol were also analyzed at the first day and then at every 3 days, using a gas chromatograph (Agilent GC-6890A, USA) equipped with a FID and a PP-20000 column. Nitrogen was used as a carrier gas, and the flow rate was 2 mL/min.
Sensory quality Tao et al., Burton and Gormley's method with some modification was used to evaluate the appearance of mushrooms, which was assessed by the browning extent of the cap with the reflectometer function of a Hunter Colorimeter (Shanghai Precision Instrument Co. Ltd., Shanghai, China). Each mushroom was measured at three equidistance points of the cap. To analyze the reflectance data (L), they were first transformed by the function: Y = log (100 − L), where Y can be described as the degree of browning (Gormley, 1974; Burton et al., 1987; Tao et al., 2006) .
Off-odors were evaluated on scales of 1 − 9, where 9 represents none, 7 represents slight, 5 represents moderate, 3 represents moderate severe, and 1 represents severe. The cutoff score was set at score 5. Above this score, the sample was acceptable. A panel of ten trained judges in a special taste room with separated boxes evaluated the off-odors of all the mushrooms from each tray under IR light to exclude the influence of the visual characteristics (Jacxsens et al., 2001) .
Physical and chemical analysis Respiration rate A static method was used to assess respiration rate. Before assessment, the mushrooms (185 g ± 5 g) was taken out from the packages and exposed to ambient conditions in a storage room (3000 L) for 1 h so that the CO 2 accumulated in the tissue diffused into air, and then the sample was put into a gas-tight container (jar) 260 mm in diameter with 10 mL 0.4N NaOH in a Petri dish, and the jars were placed at 2℃. The Petri dish was taken out after 30 min and the NaOH titrated with 0.2N oxalic acid (C 2 H 2 O 4 ) immediately. The change of concentration of CO 2 was used to estimate respiration rates (Li et al., 2007) .
Ascorbic acid Ascorbic acid was determined by the in-CO 2 , 800 mL/L N 2 as balance gas) at a temperature of 2 ± 1℃. The storage effects were investigated by evaluating physical, chemical, physiological and sensory characteristics.
Materials and Methods
Materials and equipment White mushrooms (Agaricus bisporus, Monad, 2796) used in this study were harvested from a local field in Wuxi, Jiangsu Province, China. The mushroom was taken directly to the laboratory immediately and treated within 2 h. The replicate plots were arranged in a completely randomized pattern.
The The MAP equipment (ADFM-V3000, air controlled atmosphere packing machine, Hengzhong Packing Co., Lianyungang City, Jiangsu Province, China) was connected to the mixing cylinder of the gas supply system, in which air was removed by a vacuum pump. The gas composition that established in the packages was checked using a gas analyzer (CYES-II, Xuelian Analytical Instrument Co. Ltd., Shanghai, China) with a system accuracy of 5 mL/L.
Modified atmosphere packaging and test arrangement Modified atmosphere packaging The polystyrene (PS) packaging trays were divided into 4 groups. A window (0.4, 0.8, 1.2 cm 2 respectively) was cut on flank of each packaging tray from group 1 to 3, while the fourth group was kept unchanged as the control. The windows were covered with FC-8 silicone gum film. In each tray, approximately 185 g (about 195 mL) of mushrooms were packaged and sealed with 35 μm thick polypropylene (PP) film. All packs were initially flushed with a modified atmosphere of 100 mL/L O 2 , 100 mL/L CO 2 and balance N 2 .
Test arrangement For each group, 21 trays (three replicates with 7 times measurements for each treatment) were packaged. The storage temperature was 2 ± 1℃ with a relative humidity of 95 − 100% inside the packages and of about 85% in the storage room for 15 days. Three trays (3 repli-reached the highest (322 mL/L, 233 mL/L respectively) at the end of storage, while in packages with 0.8 cm 2 silicone gum window, it increased for the first 3 storage days, then dropped slowly and kept at about 120 mL/L from the 3rd to the 15th storage day. The CO 2 concentration in packages with 1.2 cm 2 silicone gum window only increased at the first 12 h, then decreased and reached the lowest (55 mL/L) at the end of storage.
The change in ethylene concentration was shown in Table  1 . There was little ethylene production from 0 to 3 storage days, and the ethylene production rates and accumulation increased strongly from the third day until the end of storage for all treatments. There were significant differences in the ethylene concentration among the packages with different sizes of the silicone gum film windows (p < 0.05) during 1 − 15 days storage, the ethylene concentration in the package with 0 cm 2 and 0.4 cm 2 silicone gum windows were much higher than that of in the packages with 0. 1966; Favell, 1998) . A 10 g sample was ground in a mortar with the same quantity of 2% oxalic acid. One percent oxalic acid solution was used to wash the paste into a 100 mL volumetric flask and made to volume. Ten mL filtered solution was titrated with 2,6-dichlorophenol indophenols solution until the distinct light rose pink color persisted for more than 5 s.
Protein content The nitrogen content of the mushrooms Agaricus bisporus was determined by the Micro-Kjeldahl method and the amount of total protein was calculated from percent nitrogen content using a conversion factor of 6.25 (AOAC, 1984) .
Electrolyte leakage Electrolyte leakage was used to assess cell membrane permeability according to the procedure described by Kaya et al. (2002) . Mushroom discs (3 mm thick, 3 mm diameter, 5 g total) were immersed in 50 mL distilled water for 1 h to remove surface contamination, then were taken out and immersed in another 50 mL distilled water and incubated at ambient temperature (20 ± 3℃). Conductivity of the suspending solution was measured at 3 h and after boiling for 30 min with an electrical conductivity meter (DDB-303A, Leici Instrument Co., Shanghai, China). Relative electrolyte leakage (%) was calculated as the ratio of the electrolyte leakage after 3 h of submersion to the total value.
Statistical analysis All experiments were conducted in triplicate and the average values with standard deviation were used in the analysis. All data were evaluated by analysis of variance using Statistical Package for the Social Sciences (SPSS) (Windows XP) from Statistical Analysis (Aspire Software International, Ashburn, VA, USA). To determine differences between treatments, Duncan tests were applied and significant differences were established at p < 0.05.
Results and Discussion
Gas concentrations Figure 1(a) showed that the O 2 concentration decreased rapidly for the first 3 storage days and then dropped slowly for the packages with 0 cm 2 , 0.4 cm 2 and 0.8 cm 2 silicone gum windows. From the 3rd to the 15th storage day, the O 2 concentration in package with 0.8 cm 2 silicone gum window was varied from 31 mL/L to 37 mL/L, while in package with 0 cm 2 and 0.4 cm 2 silicone gum window they were under 11 mL/L and 20 mL/L respectively. The O 2 concentration decreased a little for the packages with 1.2 cm 2 silicone gum window in the first storage day, then kept above 75 mL/L during the storage period. Figure 1(b) showed the change of CO 2 concentration during the mushrooms Agaricus bisporus stored. The CO 2 concentration in packages with 0 cm 2 and 0.4 cm 2 silicone gum windows increased during the storage period, which 15th storage day).
The change in concentration of ethanol in the Agaricus bisporus storage packages is shown in Table 2 . No ethanol was detected in the MAP with a 0.8 or 1.2 cm 2 silicone gum window, however it was detected in the MAP with 0 or 0.4 cm 2 silicone gum window from the third storage day, and the concentration of ethanol was found to increase with increasing storage time. This may indicate that anaerobic respiration was occurring in Agaricus bisporus packages with 0 and 0.4 cm 2 silicone gum windows due to the low O 2 levels (under 20 mL/L) present. Sensory evaluation Figure 2 (a) showed the change of degree of browning of mushroom stored. The brown degree of mushroom increased for all treatments during storage period. The brown degree of the mushroom in packages with a 1.2 cm 2 silicone gum film windows increased most quickly during storage period and reached the highest (1.72) at the end of storage period, and the mushroom showed dark brown due to high O 2 content, while in packages with a 0 cm 2 silicone gum film windows, the degree of browning of the mushroom increased rapidly after the 6th storage day, and the mushroom showed yellow brown, which may be caused by poor atmosphere (low O 2 content and high CO 2 content). The degree of browning of the mushroom stored in packages with a 0.4 and 0.8 cm 2 silicone gum film windows increased steadily during storage period. There were significant differences (p < 0.05) among the packages with different sizes of silicone gum film windows after the third storage day. The mushrooms stored in packages with a 0.8 cm 2 silicone gum Values were mean ± SD for 3 replicates. Different letters in the same column indicate that means are significantly different (p < 0.05). content of mushroom with the prolonging storage time. The protein content of the mushroom stored in packages with 0.8 and 1.2 cm 2 silicone gum film windows decreased slowly, only dropped 3.7% and 5.7% respectively at the end of storage, whereas the protein content of the mushroom stored film windows had the lowest degree of brown during storage period, which indicated that the mushrooms had the best quality under this storage condition. Figure 2 (b) showed that there were significant differences (p < 0.05) in odor among the packages with different sizes of the silicone gum film windows after the third storage day. The odor scores of mushroom stored in the packages with 0.8 and 1.2 cm 2 silicone gum film windows decreased slowly and were above the acceptable limit of 5.0 until the end of storage, and the scores of the packages with 0 and 0.4 cm 2 silicone gum film windows decreased rapidly and were under 5.0 after the 9th and 12th storage day respectively. Respiration rate Figure 3 showed the change in the respiration rate of mushroom stored. The initial respiration rates were very high, reaching 163.8 ± 6.7 mg CO 2 kg -1 h -1 , and then decreased rapidly in the first 3 storage days for all treatments, which dropped by 15.4 − 30.8%. After the decline, the respiration rate of the mushrooms in the packages with a 0.4 cm 2 and 0.8 cm 2 silicone gum film windows remained stable until the 9th storage day and the 12th storage day, respectively, and further increased. The mushrooms in the packages with a 0.8 cm 2 silicone gum film windows had the lowest respiration rate during the storage period. The respiration rate of the mushrooms in the packages with a 0 and 1.2 cm 2 silicone gum film window increased rapidly from the third storage day to the end of storage, especially for the packages with a 1.2cm 2 silicone gum film window, the respiration rate of the mushrooms increased more quickly and reached the highest level (173.8 mg CO 2 kg -1 h -1 ) at the end of storage. Villaescusa and Gil (2003) reported that Pleurotus mushrooms had initial high respiration rate followed by lower levels that lasted 10 days and then a subsequent rapid rise in respiration, which was similar to that of the mushroom stored in packages with a 0.4 cm 2 and 0.8 cm 2 silicone gum film windows in our study. Figure 4 showed the ascorbic acid contents as a function of storage time. The ascorbic acid content in the fresh condition was not high, only 5.43 mg 100 g -1 FW, and it decreased gradually during storage for all treatments. There were significant differences (p < 0.05) in ascorbic acid contents among treatments after 6 days storage. The ascorbic acid content of mushrooms stored in the packages with 1.2 cm 2 silicone gum film windows had the most quickly decrease with the prolonged storage time and dropped 40.7% at the end of the storage, and the ascorbic acid content of mushrooms stored in the packages with 0.8 cm 2 silicone gum film windows had the slowest decrease with the extending storage time and only dropped 19.2% at the end of the storage. Protein content Figure 5 showed the change of protein Ascorbic acid is one of the most sensitive materials to destruction when the fresh produce is subject to adverse handling and storage conditions. Ascorbic acid losses are enhanced by many factors, including extended storage, poor storage conditions, higher storage temperatures and chilling injury (Paull, 1999; Lee and Kader, 2000; Zerdin et al., 2003) . In this study, poor storage conditions were the main reason that induced rapid declining of the ascorbic acid contents of stored mushrooms Agaricus bisporus. MAP with 0 and 0.4 cm 2 silicone gum film windows had low O 2 (under 20 mL/L) and high CO 2 concentrations, the anaerobic respiration (Table 2 ) and high ethylene levels (Table 1) were likley to cause cell injury and senescence, resulting in a rapid decline in the ascorbic acid contents. MAP with 1.2 cm 2 silicone gum film windows had too high O 2 (above 75 mL/L) and thus increased the ascorbic acid loss resulted from ascorbic acid oxidation. However, MAP with 0.8 cm 2 silicone gum film windows had good atmosphere (O 2 : 31 − 54 mL/L, CO 2 : 118 − 137 mL/L, C 2 H 4 : under 14.36 µL/L) to induce ascorbic acid losing slowly and kept the highest ascorbic acid content among all treatments during storage period. MAP with 0 and 0.4 cm 2 silicone gum film windows had poor atmosphere with low O 2 concentration, high CO 2 concentration and high ethylene concentration (Fig, 1(a) , (b), Table 1 ), and the low O 2 concentration caused anaerobic respiration to result in ethanol concentration increase. These poor atmospheres may induce the content of protein in stored mushroom decrease quickly (Fig. 5) . Some reports found that the detrimental effects of ethylene on quality includes of altering or accelerating the natural processes of development, ripening and senescence (Saltveit, 1999) . Ethylene accelerates senescence in some leaves, such as decline in chlorophyll and photosynthesis, reduction in the levels of proteins and starch, accumulation of amino acids, and increase in the activities of many hydrolytic enzymes (Mattoo and Aharoni, in packages with 0 and 0.4 cm 2 silicone gum film windows decreased rapidly, dropped 13.6% and 17.9% respectively at the end of storage. Electrolyte leakage Relative cell membrane permeability was determined by measuring relative electrolyte leakage as shown in Figure 6 . Relative cell membrane permeability increased with increasing storage time, which showed that membrane systems became more vulnerable to leakage. Similar results were observed by Tao et al. (2006) in stored Agaricus mushrooms which were treated with vacuum cooling. The relative cell membrane permeability of mushrooms had significant differences (p < 0.05) among treatments after 6 days storage. With prolonging storage time, the relative cell membrane permeability of mushrooms stored in packages with 0 cm 2 silicone gum film windows had the most quickly increase (22.16% at the end of storage), while for packages with 1.2 and 0.4 cm 2 silicone gum film windows, they ranked the second and the third respectively, and for packages with 0.8 cm 2 silicone gum film windows, the relative cell membrane permeability had the lowest increasing rate (13.25% at the end of storage). MAP with 0 and 0.4 cm 2 silicone gum film windows for storing mushroom Agaricus bisporus had low O 2 concentration (under 20 mL/L), high CO 2 concentration and high ethylene concentration because of poor gas exchange between in-packages and surroundings atmosphere ( Fig. 1(a) , (b), Table 1 ). The ethanol gas was also detected in these packages from the third storage day (Table 2) , which indicated that mushrooms had anaerobic respiration in the packages and the score of odour dropped rapidly during storage period ( Fig. 2(b) ). However, MAP with 0.8 cm 2 silicone gum film windows for storing mushroom Agaricus bisporus kept the concentration of O 2 31 mL/L to 37 mL/L in packages and eliminated anaerobic respiration of stored mushrooms. The stored mushroom Agaricus bisporus required higher O 2 atmosphere compared with stored mushroom Agrocybe chaxinggu (Li et al., 2007) , which only required the concentration of O 2 higher than 11 mL/L. MAP with 1.2 cm 2 silicone gum film windows resulted in high O 2 concentration (above 75 mL/L) in-packages, which was harmful for keeping quality of stored mushrooms and induced high respiration rate (Fig.  3 ) and high degree of browning ( Fig. 2(a) ). Kim et al. (2006) reported that low O 2 reduced respiration rate and retarded cap development, reduced aerobic deterioration and weight loss. Furthermore, low O 2 decreased tyrosinase activity and thus reducing enzymatic browning. On the contrary, in this study, packs with 1.2 cm 2 silicone gum film windows induced high O 2 concentration to increase respiration rate and aerobic deterioration, And also increase tyrosinase activity and enhancing enzymatic browning. 1988; Lers et al., 1998; Ella et al., 2003) . For mushroom, more study is needed in future to sure whether the ethylene has effect or not. The protein and other materials degradation resulted in cell membrane system becoming more vulnerable to leakage causing higher relative electrolyte leakage (Fig. 6 ). The MAP with 1.2 cm 2 silicone gum film windows had high concentration O 2 , which induced high respiration rate (Fig. 3) and oxidation which caused mushroom senescence and high relative electrolyte leakage (Fig. 6) . For overall conditions, MAP with 0.8 cm 2 silicone gum film windows had optimal atmosphere for mushroom storage and kept the mushroom with the best quality among all treatments.
Ascorbic acid content

Conclusion
The packages with silicone gum film window size smaller than 0.4 cm 2 induced an in-package gas composition with low O 2 concentration (under 20 mL/L), high CO 2 concentration (152 − 322 mL/L) and high ethylene concentration, the packages with a 1.2 cm 2 silicone gum film window resulted in too high O 2 concentration (above 75 mL/L) in-packages, and the packages with a 0.8 cm 2 silicone gum film window kept an in-package gas composition of O 2 31 mL/L to 37 mL/L, CO 2 under 137 mL/L and ethylene under 14.36 µL/L by exchange between the package and surrounding atmosphere through the silicone gum film windows, and these gas compositions were optimum for maintaining mushroom Agaricus bisporus quality, which kept mushroom with good sensory, low respiration rate (under 129.3 mg CO 2 kg -1 h -1 ), low electrolyte leakage (13.3%) and low loss of ascorbic acid and protein (only dropped 19.2% and 3.7%, respectively).
